To analyze the autoepitopes on the SS-B/La protein, a cDNA covering the entire region coding the protein was isolated from a human cDNA library. The cDNA was subcloned into an expression plasmid vector, pEX, to express its protein product as a fusion protein with cro-ft-galactosidase in Escherichia coli.
Introduction
Autoantibodies directed against various nuclear proteins of normal cells are detectable in sera from patients with systemic autoimmune diseases (1, 2) . Although it seems unlikely that these antinuclear antibodies directly injure the organs, some antibodies are related with particular diseases or symptoms. Analysis of the mechanisms of autoantibody production should therefore provide important clues to the pathogenesis of autoimmune disorders. Several mechanisms of autoantibody production have been proposed by previous investiga-drome (SS) , and serve as a diagnostic marker of SS. The SS-B/ La protein is mainly associated with the precursor forms of RNA polymerase III transcripts, including transfer RNAs, 7S RNA, 5S RNA (7) , and virus-encoded RNAs such as adenovirus-encoded RNAs (VAI and VAII) (8) , Epstein-Bar virus-encoded RNAs (EBER) (9) and leader RNAs of some negative stranded viruses (10, 1 1) . Recent studies have shown that the SS-B/La protein is essential in the biogenesis ofthese RNAs (7, 12) . However, it remains to be clarified why autoantibodies against such an important molecule are related to SS, an autocrine exocrinopathy.
Several investigators have performed epitope mapping of the autoepitopes on the SS-B/La protein (13) (14) (15) (16) (17) . However, their results were not able to lead to clear explanation of autoantibody production, since they were only assigned in long stretches of peptide. We report here the isolation of a fulllength cDNA encoding the human SS-B/La autoantigen and its epitope mapping with deletion mutants, which revealed three antigenic regions. The most distinct and universally recognized epitope was found to be homologous to a retroviral gag polyprotein. These results raise the possibility that molecular mimicry might induce anti-SS-B/La autoimmunity.
Methods
Patient sera. Sera were obtained from patients with SS or other autoimmune diseases who were treated in the hospitals of the University ofTokyo, Tokyo Medical and Dental University, and Kanazawa Medical College. Precipitating antibodies against the SS-B/La protein were evaluated with the double immunodiffusion method using rabbit thymus extract and a standard anti-SS/La serum.
Isolation of cDNAs for the human SS-B/La protein from Xgt1I expression library and pcD library. Details of isolation have been described previously ( 18, 19) . Following the procedures of Young and Davis (20) , a human fibroblast cDNA expression library constructed in the Xgt 11 vector was screened with serum from a patient with primary SS, containing anti-SS-B/La antibodies as an antibody probe. After screening with immunostaining, each cDNA insert of positive clones was subcloned into an expression plasmid pEX-2 (21) as described in 1. Abbreviations used in this paper: ExoIII, exonuclease III; snRNP, small nuclear ribonucleoprotein; SS, Sj6gren's syndrome. the next paragraph. The recombinant pEXs were induced to express fusion proteins with cro-f3-galactosidase and products were evaluated by their reactions to the patient's serum. The longest insert among positive clones was named pA 158 and its characteristics as a part of cDNA for the human SS-B/La protein were reported (19) . For the isolation of full-length cDNAs, the screening of pcD plasmid libraries (22) constructed from fibroblasts and foreskin cells was performed with 32P-labeled pA 158 cDNA as a hybridization probe. The longest cDNA insert among positive clones was derived from the fibroblast library and verified as the full-length cDNA for the human SS-B/La protein.
Expression ofcloned cDNA. To express the cloned cDNAs, cDNA inserts were recovered from vectors with restriction enzyme digestion (Eco RI for Xgt I 1, Stu I and Bam HI for pcD plasmid) and subcloned into expression vector pEX plasmids at their polylinkers. To adjust the translational frame, three pEXs with different frames (pEX-1,2,3) were used for subcloning. Escherichia coli, POP2136 transformed by recombinant pEX, were grown in a Luria-Bertani medium overnight at 30°C. The cultures were then shifted to 42°C and incubated for 2 h to express the fusion proteins with cro-,O-galactosidase. Recombinant pEXs with a correct frame were selected by examining the reactivities of their products with the patient's serum.
Affinity-purification of autoantibodies. A modified method of Olmsted (23) was used for purification of autoantibodies. Bacterial lysates with induced recombinant autoantigens were electrophoresed on polyacrylamide/SDS gels and transferred to nitrocellulose membranes. After staining with Ponceau S solution (Sigma Chemical Co., St. Louis, MO), the protein bands expected to contain fusion proteins were cut out and these pieces of membrane were saturated with PBS-0.5% skim milk (Yukijirushi, Tokyo, Japan) followed by 0.5% Tween 20 in PBS for 30 min. They were then incubated with a patient's serum diluted 1:10 in PBS-0.5% skim milk followed by washing five times with PBS. The bound antibodies were eluted with 4 ml of0.2 M glycine-HCl, pH 2.6, containing 0.15 M NaCl and 1% BSA. After 5 min of incubation, the eluate was neutralized with 1 ml of 1 M TrisHCl, pH 7.5. Immunoblotting. The procedures were reported previously in detail (18) . The lysates of human peripheral leukocytes or bacteria with induced proteins were separated on polyacrylamide/SDS gels and transferred to nitrocellulose membranes. These were reacted with sera or affinity-purified antibodies. The antigenic protein bands were detected with rabbit anti-human IgG antibodies then goat anti-rabbit immunoglobulin antibodies coupled with horseradish peroxidase.
Construction ofexpression plasmids with deleted cDNAs. To construct a cDNA lacking one-fourth of the 5' terminal (this cDNA is hereafter referred to as FSBB), a full-length cDNA (referred to as FSBF) was cut with the authentic Bgl II site and its 3' part was subcloned into pEX plasmids in three different translational frames. The recombinant pEX with the correct frame was selected using the patient's serum. Restriction enzymes and exonuclease III (ExoIII; Takara, Kyoto, Japan) were used for the modification and deletion ofthe 3' terminal of the cDNAs, essentially by the methods of Henikoff (24) and Puitney (25) . The plasmids with full-length cDNAs were digested with restriction enzyme Sal I and filled in 3' recessed ends with alphaphosphorothioate deoxynucleotides (Promega Biotek, Madison, WI) and Klenow DNA polymerase (Takara). Thereafter, they were digested with restriction enzyme Bam HI. The other plasmid, FSBB, was digested with Pst I and Bam HI. After deletion with ExoIII, end repair with mung bean nuclease (Takara) and Klenow DNA polymerase was performed before ligation with T4 DNA ligase (Takara). E. coli hosts were transformed with the ligated vectors. Plasmids containing cDNAs of different length, were obtained by changing the duration of ExoIII treatment.
DNA sequencing. The isolated cDNA inserts and deleted inserts were subcloned into bluescript plasmid vectors (Strategene, La Jolla, CA) to be sequenced. Their sequences were determined by Sanger's dideoxy method (26) using modified T7 DNA polymerase (USB, Cleveland, OH). To sequence the full-length cDNA in bluescripts, they were also deleted with ExoIII. The sequences of DNAs and deduced amino acids were analyzed using SDC-GENETYX Genetic Information Processing Software (Software Developing Co., Tokyo, Japan), the protein sequence database of the National Biomedical Research Foundation (NBRF) and SWISS-PROT protein sequence database of European Molecular Biology Laboratory (EMBL).
Enzyme-linked immunosorbent assay (ELISA). After induction of the fusion protein in E. coli, bacteria were harvested by centrifugation from 500-ml cultures and lysed in 20 ml of lysozyme solution [I mg/ml Lysozyme (Wako, Osaka, Japan), 8% sucrose, 5% Triton X-100, 50 mM EDTA, 50 mM Tris-HCI, pH 8.0] with sonication. After centrifugation, pellets were suspended in 20 ml of DNase buffer [5 g/ml DNase I (Sigma Chemical Co.)], 150 mM NaCl, 10 mM MnCI2, 50 mM Tris-HCI, pH 7.6] for 2 h at 370C followed by sonication to fragmentate the bacterial DNAs. After centrifugation, the pellets were washed twice with 20 ml of the solution containing 0.5% Triton X-100, 10 mM EDTA, 50 mM NaCl and 50 mM Tris-HCl, pH 7.6. Finally, the purified pellets were solubilized by adding 4 ml of 8 M urea and 10 mM DTT in PBS. Each well ofmultititer plates was coated with 3 gg/150 ul of the purified protein in carbonate buffer, pH 9.6, followed by blocking with 0.5% skim milk and 0.05% Tween 20 in PBS. Human sera were preincubated with bacterial lysate containing nonrecombinant pEX products. Serially diluted sera with 1% skim milk in PBS and, subsequently, peroxidase-coupled protein A were applied to the plate. Bound antibodies were detected enzymatically with o-phenylenediamine as the substrate, using a microplate-photometer at 492 nm. The quantity of coated proteins was evaluated by applying rabbit anti-fl-galactosidase. Binding units defined as the reciprocal ofthe serum dilution that produced an OD492 of 1.0 were used to quantitate reactivity.
Results
Isolation offull-length cDNAs encoding-the human SS-B/La protein. Using serum from a patient (T.S.) which contains precipitating antibodies against the SS-B/La protein, Xgtl 1 human fibroblast cDNA expression library was screened. The longest cDNA insert (1.5 kb) was named pA158 clone and analyses of its product in pEX expression vector was previously reported (19) . To obtain a full-length cDNA, pcD plasmid libraries constructed from human fibroblasts and foreskin cells were screened with labeled pA158 cDNA. After screening of each library, the longest cDNA (1.8 kb) was derived from fibroblast library and named FSBF clone. This was subcloned into pEX plasmids, and a recombinant clone with a correct translational frame was selected by immunostaining with the patient's serum. The protein induced using FSBF (named FSBF. EX) and the vector-produced protein (pEX) were separated by 8% SDS-polyacrylamide gel electrophoresis (PAGE) and electroblotted to nitrocellulose membranes. The anti-pEX or anti-FSBF-EX antibodies was purified by affinity-purification with these membranes. In the immunoblot analysis of human peripheral leukocyte proteins fractionated in 12.5% SDS-PAGE, a standard anti-SS-B/La serum (a serum from patient T.S.) and anti-FSBF EX antibodies recognized an identical polypeptide with a molecular weight of -50 kD ( Fig. 1) . For further characterization, human peripheral leukocyte lysate was incubated and precipitated with anti-FSBF-EX antibodies. After phenol extraction of the precipitates, the remaining nucleic acids were fractionated in urea-PAGE. Serum from the patient and anti-FSBF-EX antibodies precipitated RNAs that are known to be associated with the SS-B/La protein, e.g., precursors of 5S RNA and transfer RNAs (data not shown). The - (975) - (948) - (928 (17, 27) . It begins -2 bp from the initiation codon and covers the entire region coding the SS-B/La protein.
Fine epitope mapping ofthe SS-B/La protein using deleted cDNAs. To identify the autoepitopes on the human SS-B/La protein, the recombinant pEX plasmid with FSBF cDNA was deleted enzymatically from the 3' end of the cDNA fragment by ExoIII treatment. Because this procedure does not change the proper translational frames of the cro-f3-galactosidase gene and the inserted cDNAs, the resultant deletion mutants are capable of expressing the truncated proteins in the correct translational frame. The inserts of the representative deletion mutants (FDI-FD6) used for epitope mapping are shown in Fig. 2 . They were all induced to express the truncated SS-B/La autoantigens as fusion proteins in bacteria, and the products were separated on polyacrylamide/SDS gels (Fig. 3 A) . Staining with Coomassie brilliant blue showed the recombinant products were equally large in amount and their molecular weights depended on the length of cDNA inserts. Their reactivity with sera containing anti-SS-B/La antibodies was determined by immunostaining. As shown in Fig. 3 A and Table I , the most intensive binding of antibodies was found in FSBF. In all sera examined, reactivities dropped dramatically between the FD5 and FD6 products. FD5 reacted less than FD4. These findings indicated that one of the major autoepitopes is located in the area between the COOH-terminals of the FD4 and FD6 products (named Eptl, Fig. 4) . Moreover, since the difference between FD5 and FD4 is only four amino acids, this epitope seems to reside in the vicinity of the COOH-terminal of the FD5 product.
That the reactivity of FSBF was superior to those of FD1 and FD2 in most sera suggested the existence of another distinct autoepitope at the COOH-terminal portion of the SS-B/ La protein. Therefore, to exclude the influence of Eptl antigenicity, the FSBF cDNA insert was cut at the Bgl II restriction site (335 bp from the initiation codon), and its 3' part (named FSBB) was subcloned into pEX vectors. The recombinant pEX with FSBB in the proper translational frame was selected by the same serum. As expected, its product was found to react with all the sera containing anti-SS-B/La autoantibodies. To localize other epitopes, deletion mutants (BD1-BD7), derived from FSBB, were generated in the same way as FSBF (Fig. 2) . The reactivities of the products with patients' sera were also examined ( Fig. 3 B and Table I ). In all sera, decreased reactivity was mainly found from BDl to BD5. This area between the COOH-terminal of BDl and BD5 products was named Ept2 (Fig. 4) . However, there were no common segments where the intensities of staining changed among the eleven sera tested. The change was found between BDl and BD2 in sera from patients 2, 10, and 11. The reactivity in sera from the patients 8, 10, and 11 was altered between BD2 and BD3; in sera from patients 1-9, and 11 between BD3 and BD4; and in sera from patients 1, 3, 5-7, and 9 between BD4 and BD5. Each serum had more than two regions that changed in intensity of staining, but nevertheless, we could not identify any distinct area in this region that was recognized by all the sera. Sera from patients 2, 4-9, and 10 reacted with BD5 and BD6 products. The intensity of staining with BD5 and BD6 products was equal in every serum and no serum reacted with BD7. This supported the presence of the third epitope region. 1568 Kohsaka We named the peptide between the COOH-terminals of BD6 and BD7 products Ept3 but it was recognized only by some of the patients' sera. ELISA using deletion mutants. To substantiate that all sera from patients with anti-SS-B/La autoantibody predominantly react with Eptl and Ept2, sera from patients with SS or other systemic autoimmune diseases containing anti-SS-B/La precipitating antibodies were assayed using the products FD4, FD6, BD 1, and BD5 and non-recombinant pEX as a control. Wells of multititer plates were coated with an equal quantity of each deleted recombinant SS-B/La protein, and patients' sera were diluted serially from 1:100 to 1 :37 X 100. Assays were performed in duplicate, and in order to eliminate the effect of antibodies against bacterial components or induced fi-galactosidase, the final data were obtained by subtraction of values against the pEX protein from those against the recombinant proteins. Two representative examples of the quantitation of antibodies against them are shown in Fig. 5 . Both showed significantly decreased reactivity between FD4 and FD6 and between BD 1 and BD5. The sera shown in Fig. 5 Table II . These data showed that all sera with anti-SS-B/La antibodies reacted intensively with FD4 and BD1, but never with FD6. Reactions displayed as less than 100 binding units indicate an eventual lack of reaction, i.e., OD492 < 0.3 in 1:100 dilution (see Fig. 5A ). Therefore, even sera from patients 3, 10, 13, 16, 22, and 24 (binding units for FD4 < 200) reacted far more intensively with FD4 than with FD6. This was confirmed using immunoblot analysis (data not shown). 22 Pt  FF  FD1  FD2  FD3  FD4  FD5  FD6  FD7  FB   BDI   BD2  BD3  BD4  BD5  BD6  BD7   1  4+  3+  3+  3+  3+  2+   --3+  3+  3+  3+  2+  ---2  4+  3+  3+  2+  2+  +   --3+  3+  2+  2+  +  +  +  -3   4+  3+  3+  3+  3+  2+   --4+  4+  4+  4+ reactivities with BD5 were weaker than those with BDl. This suggests all sera recognize predominantly the epitopes in EptI and Ept2. It is also suggested that an additional autoepitope, Ept3, which is reactive with only some of sera, is located in the middle of the SS-B/La protein.
Computer analysis of the amino acid sequence of epitope regions. The amino acid sequences deduced for Eptl, Ept2, and Ept3 were analyzed for homology with DNA/amino acid analyzing software. After comparison with other amino acid sequences in the protein sequence databases of NBRF and EMBL, EptI was found to have a striking homology to amino acids 32 to 39 of the feline sarcoma virus gag leader protein (28, 29) (Fig. 6 ). In the COOH-terminal part of Eptl, six of eight amino acids were identical, and the remaining two amino acids and the two flanking amino acids were analogous biochemically. No homology was found for Ept2 or Ept3. There was no homology among the sequences of Eptl, Ept2, and Ept3.
Discussion
After the isolation of a full-length cDNA for the human SS-B/ La protein (FSBF), Eptl (amino acid 88-101), and Ept2 (amino acid 283-338) on the SS-B/La protein were found to contain distinct autoepitopes by making several deletion mutants to produce truncated proteins. Eptl was defined as the area between the COOH-terminals of FD4 and FD6, and Ept2 as that between the COOH-terminals ofBD1 and BD5 (Fig. 4) . Antibody binding with FD4, BDl and BD5 in ELISA disclosed that all sera from patients containing anti-SS-B/La precipitating antibodies recognized both Eptl and Ept2. All sera that reacted potently to FD4 have no reactivity to FD6. Moreover, the intensity of antibody binding to FD5 was weaker than that to FD4, whereas the amino acid sequence difference between them is only four amino acids. These facts suggested the COOH-terminal of FD5 might be located just on the epitope. In contrast, Ept2 is a long stretch ofpeptides consisting of 56 amino acids. Although this area was reactive with all patients' sera, there seems to be no universal epitope. It is likely that Ept I is a single distinct autoepitope, even though not yet proved, whereas Ept2 consists ofseveral antigenic epitopes, the reactivities of which differ from patient to patient. In addition, not a few sera reacted with epitopes in Ept3. However, this region was not equally recognized by all patients' sera. Taking these facts into account, only the epitope in EptI was recognized by all positive sera and therefore seems to have an association with the mechanisms triggering anti-SS-B/La antibody production.
In this study, several deletion mutants of FSBF were constructed enzymatically and used for the assessment of autoepitopes on the SS-B/La protein. In general, when proteins produced by fragments from a long cDNA are employed for epitope mapping, it needs to be determined whether the fragments are expressed in correct translational frames. It is especially important in the case ofa fragment that expresses no detectable antigen. In our experiments, FSBF and FSBB cDNAs were first subcloned into expression plasmids in three different translational frames. As expected, only the clone with the correct translational frame produced a distinct antigenic protein, and it was selected for further analyses. However, the other two series of clones with incorrect frames sometimes expressed slight antigenicity in an unexpected range of molecular weight, a finding also observed in the Xgtl 1 system (unpublished observation). The reason for this is not yet clear. Judging from the molecular weight and the amount of weakly stained recombinant protein, it could be speculated that a portion of the frame after the authentic stop codon is translated, probably because of the strong expression system in E. coli. To avoid making deletion mutants with an incorrect translational frame, we mainly used ExoIII treatment at the 3' end of the gene, and many deletion mutants were constructed without changing their frames. However, with this procedure it is difficult to determine the precise NH2-terminal boundary of the epitope and to identify the minor epitopes residing on the COOH-terminal side of the major epitopes. It is also possible that the epitope is discontinuous and the identified short peptide is a part ofit. Therefore, to identify the precise range ofthe peptide as an autoepitope, cDNAs deleted from the NH2-terminal by other manipulations or synthetic peptides could be useful. These systems, however, do not always work properly. Thus, the method used in this study seems sufficient to determine the location of the major epitopes on the autoantigens. The pEX vectors that we used have certain advantages. The a much larger molecular weight than cDNA products, various pEXs inserted by cDNAs express cro-,B-galactosidase hybrid deletion mutants are able to be analyzed under nearly the same protein in inclusion bodies, the low solubility ofwhich protects condition without considering the difference in molecular the products against proteolysis. Moreover, the products of weights. deletion mutants have naturally diverse molecular weights.
Epitope mapping of the recombinant human SS-B/La proSince the non-recombinant pEX product, fl-galactosidase, has tein has been reported by several investigators. Sturgess et al. 
